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Current WWW technology facilitates the development
of "hypertext" applications. A hospital-wide study
of users' requirements in France led to a document-
centered approach to the patient Electronic Medical
Record (EMR). In order to refine such a specification,
and taking advantage ofWWW technology, we have de-
veloped a running mock-up ofa document-based EMR
from an actual paper-based patient record. Synthesis
documents were added and linked to original repli-
cated paper documents to form a hypertextual EMR.
The mock-up has been presented to health care pro-
fessional boards to gather their remarks and wishes,
and then enhanced accordingly. The current version
reflects (part of) their requirementsfor an EMR, and is
presented in this paper

INTRODUCTION

The World Wide Web' (WWW) is devoted to serve in-
formation over the internet. Its success essentially re-
lies on the shared normalization of resource exchange
through an exchange protocol (HTTP), a name space
for resources (URL), and a mark-up language for struc-
turing documents (HTML). Remote client "browsers"
interpret HTML documents delivered by information
servers to display them. These documents basically
contain text and images, and particularly links to other
identified documents. All the documents with their
links constitute a huge hypertext. The design of a hy-
pertext is not an easy task since one has to determine
the granularity level of documents with their inter re-
lationships in order to facilitate information gathering
by readers while preventing the risk of their getting
lost. Neverthejess, this normalization provides a cheap
and easy-to-use technology to develop arbitrary client-
server applications over heterogeneous computer net-
works that is today heavily exploited.

In the medical domain, many real and practical WWW
applications have been developed. Many of them fo-
cus on accessing existing databases, typically med-
ical/educational repositories2'3'4 or even patient clin-
ical data5 6. Consequently, the proposed "hypertext"
model replicates the underlying database model, and
therefore constrains information retrieval capabilities.

*This work has benefited from the financial support of the
"Telematics for Language Engineering" programme of the
European Commission (project DOME, MLAP #63-221).

Within a European project, we have carried out a
study to design a document handling system for use
in the health care environment. The originality of the
DOME survey conducted at "La Pitie-Salpetriere" hos-
pital (Paris, France) has been to design a target system
which is not technology driven, but which addresses
the global end-users' needs for computational aids to
produce and process medical. Health care profession-
als were involved in the specification of an ideal system
which is best described from a user point of view as
a multimedia, hypertextual document-based Electronic
Medical Record (EMR) with browsing functionalities.

In order to refine the initial specification, we developed
a running mock-up of a document-based EMR using
WWW technology from actual medical documents of
a Paper-based Patient Record (PPR). We were mostly
concerned with hypertextuality needs in such an ap-
proach: basically, which (new) documents are needed,
how they are related, how they should be accessed, and,
in a lesser extent, how they should be presented. The
mock-up was presented several times to health care
professional boards and enhanced according to their
remarks and wishes. This paper describes the current
state of the mock-up which reflects (part of) their re-
quirements for an EMR.

BACKGROUND

The Electronic Medical Record
A central element in medical informatics developments
is the EMR and its advent in daily practice. EMR pro-
posals usually follow two trends which, in the extreme,
consist either in the replication of the PPR or in the
structuring of patient related data. In the future, both
aspects should be mixed.

When EMRs tend to be highly structured7 they en-
able sophisticated exploitation of medical data. But
this approach had been considered to be too restric-
tive, in terms of medical expressiveness, and fails to
gain a wide consensus for communication. The current
practice of health care actors mainly relies on free text
reports and notes8'9. Besides, another challenge for
the EMR is to provide easy and consistent access to
patient information which is comprehensive, credible,
accurate and relevant, and to provide this information
at any time and at the place of care, according to pa-
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tient confidentiality standards. In this respect, the PPR,
though imperfect, exhibits in practice some properties
that facilitate physicians' reading10' 1. It seems desir-
able that such features are taken into account when de-
signing user interactions for the EMR to be accepted'2.

Users' Requirement Survey

Context. La Pitie-Salpetriere is one of the largest
hospitals in Europe, with 62 departments, 7 000 em-
ployees, 2 430 beds. In this huge institution, a mar-
ket survey has been conducted to assess the present
situation in terms of medical reports production and
processing, and to elicit clinicians' expectations for an
ideal document processing system related to the EMR.

The survey has been carried out by means of personal
interviews and document analysis on 36 departments.
Around 150 persons including both doctors (residents,
senior residents and heads of departments) and secre-
taries have been interviewed about their current prac-
tice in handling patient medical records.

Recommendations. French clinicians operating at La
Pitie-Salpetriere are rather satisfied with the currently
used PPR (it must be noted that the local Hospital
Information System (HIS) offers nearly no medical
services today). Compared to an unstructured "bag"
that contains everything about a patient medical history,
it is flexible enough for their daily practice. From a
writer's point of view, it allows freedom of expression
concerning what to record, to which level of detail,
and how to describe it. However, from the reader's
point of view, there is no consensus about the browsing
facility through the PPR, when available. The lack of
organization is considered either as a weak point for
data retrieval under time pressure, or as a strong point
for data mining in an exploratory way that respects
individual habits and specific requirements of medical
specialties'0.

Nevertheless, information technology has changed the
culture of the working environment dealing with pa-
tient care. Nowadays, clinicians are not alone operat-
ing with the patient and work-flow constraints should
find a solution with the computerization of patient
records. In this context, physicians have expressed
the wish to have an overview of the complete medical
record on one or two pages (screens) with the last con-
clusions as well as alerts that should not be missed in
reading the record. Then when clicking on a word sum-
marizing some episode of the medical record, it should
be possible to retrieve all the documents describing
that episode. This approach allows to combine the two
opposite facets of the medical record, synthetic when
clinicians need to get an overall idea and exhaustive
according to legal requirements to display all the avail-
able information when developing a specific item.

A Mock-Up Demonstration
To refine the specification of the emerging system, we
decided to develop a mock-up of a document-based
EMR. The goal of this experiment was to evaluate more
precisely the needs and wishes of potential users by
confronting them with a running mock-up. It was also
a concrete means to propose them new functionalities
and to involve them in their definitions, or at least
identification.

METHODS

Mock-Up Objectives
The objectives for this mock-up were twofold. On the
users' side, we wanted to assess their acceptability of
a future system for medical document management.
On the project side, according to the state-of-the-art,
we wanted to devise and evaluate the kind of Natural
Language Processing (NLP) technologies that could be
used, and at what cost, to provide an expected func-
tionality.

Design Philosophy
The driving idea is to consider theEMR not as a collec-
tion of patient related medical data stored in a relational
database that can be presented in a useful manner to
the user, but rather as a collection of documents that
primarily mimics the PPR. The "base documents" are
strictly true to those health care professionals consult
and produce in their daily practice. These include
external documents related to the patient, as well as
internal ones produced during the current hospitaliza-
tion. The patient record appears then primarily as a
collection of multimedia documents.

But, as pointed out previously, replicating the PPR in
an EMR is not sufficient. Additional facilities must
be added to enable other access modes to documents
than just database queries. This problem pertains to the
underlying hypertextual model to be designed to facili-
tate browsing through the medical record in accordance
with clinicians' needs.

An important point was to suggest synthetic views of
the various documents the actual PPR consists of. The
first role of "synthesis documents" is to allow, as doc-
uments, a quick acknowledgment of the medical con-
tents of the record. Their second role is to provide, as
hyper-documents, an immediate and relevant access to
this contents in an exploration mode suited to current
practices in hospital departments, i.e. according to the
medical specialty, and even to the department. Such
a requirement implies that several access paths across
the EMR are available.

Implementation
Mock-up development was based on WWW philoso-
phy and available tools. On the server side, each doc-
ument corresponds to an "HTML page" that is either
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served or generated on the fly.2 The EMR can therefore
be browsed through any HTML 2.0 dedicated available
browser, which constitutes the client user interface.

The mock-up presents an actual patient record in
rheumatology for consultation only. A great part of the
original paper documents have been keyboarded, con-
sistently anonymized (dummy names, locations and
dates have been used), and marked up. They are pre-
sented in a form as close as possible to their paper
version. The mock-up contains more than one hun-
dred base documents (text reports, images, raw data)
covering 8 years of care of a single patient.

Evaluation And Refinement Cycle
Once a first version was implemented, the mock-up
was demonstrated to hospital physicians, individually
or by small groups. These physicians were involved
in the project as members of Medical Advisory Boards
(MABs), at national and international levels3. Their
reactions, suggestions, and criticisms were reported
in order to refine their needs and wishes about such
a system and its functionalities. Then the mock-up
entered a cyclic development phase where the remarks
were, when possible, taken into account for a new
presentation. The current version is the fourth and
illustrates locally most of the browsing functionalities
expected by potential users.

RESULTS

Base Documents
Base documents from the PPR were categorized ac-
cording to medical criteria: on one side the Patient
Discharge Summaries (PDSs) from previous hospital
stays, on the other side the examination results where
imaging and paraclinical data are distinguished.

Whatever the originating department, every PDS "al-
most" follows the same plan. Some information is
invariant (originator: author/department/hospital, des-
tination, date, etc.), and the rest is made of semi-
structured text with typical sections containing arbi-
trary free text paragraphs (reason for admission, an-
tecedents, history, conclusion, discharge treatment,
etc.). This structure is explicitly encoded in the text
with some specific added SGML mark-upI3 among
HTML tags.

Lab results were categorized according to the kind of
test (blood gas, bacteriology, urinary tests, etc.), im-
agery data according to the investigation mode (inva-
sive, radiology, echography, scintigraphy, etc.). Each
document contains some test identifier in addition to
the same invariant information as for PDSs. Raw data

2The server we used is NCSA httpdl.4, with dedicated
Unix (SunOS) scripts using sh, Perl, wais.

3There were Belgian, Swiss, English, and French MABs.

are essentially presented in tables, but additional tex-
tual reports may be attached.

Synthesis Documents
Synthesis documents are expected to provide the reader
with a fast and pertinent account of the whole PPR, of
a single document, or of some set of documents. Most
syntheses are up to now virtual documents. They do
not have their paper counterparts as full documents,
though the information they provide is dispatched in
existing base documents or may be reconstructed.

Syntheses are either synopses, that give an overview of
a whole, or summaries, that only report important infor-
mation. Both may be either derived from the structure
of documents, which also reflects their informational
contents (e.g. table of contents, document author), or
composed by physicians (e.g. problem list, imaging re-
ports). In every case, synthesis documents constitute
different ways to access more specific documents.

Document summary. Single document syntheses are
used mostly for textual documents (PDSs, imagery re-
ports) for which they provide a summary. They are
based on their internal tagged structure and are au-
tomatically generated. Relevant information is pre-
sented without details. Basically, the summary reports
the source (date/hospital/department), the "reason for
admission" section, the "conclusion" section, the au-
thor, and the plan of the original document based on its
headings.

Synopses. Synopses can also be produced for sev-
eral documents from which they aggregate informa-
tion. The first kind of useful syntheses that give an
overview on some parts of the patient record are cat-
alogs of documents sharing common properties. The
first catalog is the complete chronological list of base
documents which is lacking in the PPR, and where each
document is refered to by its date, type, origin. Other
catalogs may be generated from various user criteria.
Raw data issued from multiple similar tests can be ag-
gregated over a period of time to provide a synthetic
view on the evolution ofclinical parameters. Graphical
accounts of such data can be presented in connection
with the nursing record.

Global syntheses. The whole patient record syntheses
are supposed to provide the reader with immediate criti-
cal medical information. Such synthesis documents are
typically based on the informational contents of all the
other documents in the patient record, but not on their
structure (though it could help). These documents in
a fully automated EMR could be extracted by contents
analysis methods applied to existing base documents,
and/or elaborated by physicians.

The "medical card", as the first document presented
to the user, constitutes the first page of the EMR. It
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contains a short list of significant medical information
about the patient: (i) alerts that should not be missed;
(ii) reason for current admission; (iii) main known di-
agnosis; (iv) conclusion extracted from the last PDS;
(v) a time-oriented synoptic graph of previous hospi-
talizations from which the corresponding PDSs can be
accessed; and (vi) pointers to other relevant synthesis
documents.

Another important medical document is the "synthe-
sis of current hospitalization" . It contains mostly
full text and is structured like a PDS according to the
following plan: (1) Reason for admission, (2) An-
tecedents, (3) Life habits, (4) Disease history, (5) Ad-
mission, (6) Evolution and tests, (7) Conclusion. This
synthesis is the dynamically evolving draft version of
the PDS to be written at discharge.

The "antecedents list" collects all past pathological
events based on standardized medical terms. Several
listing criteria are proposed: by type (medical or sur-
gical) or by chronology. The "disease history" page,
differentby its contents, adheres to the same principles.

Navigating Through The EMR
Seeking information among huge amounts of docu-
ments is an important issue. The mock-up offers three
access modes to the EMR documents that constitute its
hypertext model. Although every access is obtained in
the same way (i.e. by a mouse click), the underlying
motivations and methods are quite different and do not
serve the same information retrieval strategy.

Access to documents can be done according to their
structural properties (typically their category) or their
semantic properties, i.e. their contents. Hyperlinks
relate some part of a document to another (or others)
part(s). "Structural links" reflect the structural orga-
nization of the patient record. "Semantic links" relate
some portion of a document (a medical term in context)
with another document (or a part of it) according to a
meaningful relation. A third access method is provided
by arbitrary full text search.

Structural access. Structural access relies on the in-
variant structural properties of documents. Basically,
catalogs provides comprehensive lists of various docu-
ments according to their type (PDS, radiology reports),
at different levels of genericity (e.g. documents>test
results>blood gas results) or according to some charac-
teristics (e.g. same originating hospital). As for single
textual documents, the table of contents reflects their
structure and provides access to sections.

Hypertextual access. Hyperlinks relate some textual
portion of a document with another document or a part
of a document. Such links are based upon semantic
relations in the medical context that are not systemat-

ically reflected by the document structure. Typically,
an expression in a text, considered as an implicit refer-
ence either to another document (e.g. "Coronarogra-
phypracticed on Jan 15. ") or to a clinical episode (e.g.
"Septicemia"), is the origin of a link. The correspond-
ing link destination is expected to deliver more detailed
information; it is either a whole document (e.g. the cor-
responding coronarography report) or a selected part
(e.g. the paragraph describing the septicemia episode
in the appropriate PDS).

In the mock-up, hyperlinks have been set-up in most
of the synthesized textual documents with the help of
clinicians. Expressions using relevant medical vocab-
ulary (e.g. the antecedents list, the synthesis of current
hospitalization, alerts) are link origins enabling a di-
rect access to original information, thus providing finer
grained information and context.

Full text search. Full text retrieval capabilities of-
fer a great flexibility in information retrieval. They
have been implemented with freeWAIS for all textual
documents related to a unique patient. Any document
can be retrieved according to its "contents". An ar-
bitrary request over the EMR can be composed using
words. The answer is the list of hits, i.e. the catalog of
documents that contain the requested words.

DISCUSSION AND RELATED WORK

The proposal of an EMR as a Medical Document Man-
agement System, demonstrated by our mock-up, raised
a strong interest among physicians. The approach ac-
counts for current clinicians' practice and does not en-
force an a priori constraining model. It includes the
PPR contents but is not limited to it. Similar exper-
iments have been reported'2"14. The importance of
EMR contents syntheses has been stressed, as sum-
maries and especially as synoptic views15 or "time
lines"'6. Synthesis contents and presentations must be
suited to the task, to the specialty , or to the reading at-
titude and physician goalsl'. In any case, connections
to original data must always be preserved.

Automating the production of synthesis documents and
of the underlying hypertext structure in context be-
comes an issue. NLP should provide tools to facili-
tate this process. This necessitates that patient record
models, but also social consideration on medical com-
munications, i.e. work-flow models, are taken into
account9'8. NLP should also enhance document index-
ing and consequently allow various retrieval strategies.
Information retrieval based solely on words is not suf-
ficient; normalized terminologies, and even conceptual
models, would be useful for this issue.

On the technical side, the generic WWW technology
has proved its capability to enable a fast and easy de-
velopment of a networked information server. It also
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provided sufficient control on presentation and user
interaction. However, as to the representation (and
storage) of textual documents, strict HTML appears to
be limited for it focuses mostly on form. The design
of a hypertextual EMR requires to make the most of
the medical contents. Documentary technology offers
now better means to deal with contents. The use of
a standard like SGML'3 would permit the elaboration
of medical document type definitions accounting for
their medical informational contents. With the Hy-
Time standard18, which allows for external links, the
delivered hypertext structure may then be different for
distinct tasks or users. Moreover, relying on interna-
tional standards provides portability and independence.

However, if the importance of EMR consultation has
been stressed, other critical issues exist. Authoring,
editing, and annotating capabilities are necessary con-
ditions for the elaboration of such an EMR. IfWWW
technology may be used as a major component over
HISs for EMR consultation, it does not seem, in our
opinion, to be sufficient for the other "authoring" tasks.
Such tasks require medical knowledge about the com-
position of existing documents and of those which are
edited. In this context, a project for a prototype of a
health care professional "reader's workstation" as part
of the EMR is planned in 3 departments of La Piti&
Salpetriere.

CONCLUSION

The hypertextual documentary approach to the EMR,
illustrated by aWWW mock-up, seems flexible enough
to be accepted by different users and still useful because
it does not impose an a priori patient record model and
sticks to current hospital practice. On the users' side, it
combines the advantages of free text with the benefits
of computerization. However, if such an EMR is at-
tractive for consultation, its setting-up raises authoring
and processing issues that are not yet solved.
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